Cerebral vasodilatory responses evoked by activation of NMDA receptors and by hypercapnia are important factors in the integrated vascular response to perinatal cerebral ischemia. Cerebral vasodilation to NMDA is mediated by nitric oxide in adult and newborn animals, whereas vasodilation to hypercapnia is thought to become modulated by nitric oxide, at least in swine, after the newborn period. The developmental role of nitric oxide in the cerebral blood flow response to NMDA and hypercapnia was investigated at mid-and late gestation in fetal sheep. Superfusion of 300 mM NMDA over the cerebral cortex through a closed cranial window on the exteriorized head of an anesthetized fetus increased laser-Doppler flow by 41 AE 7% (AES.E.) at 0.65 gestation. The increase was reduced by superfusion of a nitric oxide synthase inhibitor (18 AE 8%). At 0.9 gestation, the response to NMDA was augmented (85 AE 24%) compared to that at 0.65 gestation and was reduced by a nitric oxide synthase inhibitor (32 AE 6%). In unanesthetized fetal sheep, hypercapnic reactivity of microsphere-determined cerebral blood flow was not significantly attenuated by nitric oxide synthase inhibition at 0.65 gestation (4.6 AE 0.7 to 3.7 AE 1.0% change/mmHg pCO 2 ) or at 0.9 gestation (4.0 AE 0.7 to 3.5 AE 0.9% change/mmHg pCO 2 ). Therefore, nitric oxide-dependent cerebrovascular dilation to NMDA-receptor activation is present as early as 0.65 gestation in fetal sheep and increases further during the last trimester, whereas vasodilation to hypercapnia remains unchanged and independent of nitric oxide during the last trimester. Hence, cerebrovascular reactivities to different stimuli do not mature concurrently.
Introduction
Hypoxia-ischemia in neonates born prematurely can result in white matter injury with secondary disturbances in gray matter (Volpe, 2005) , whereas hypoxia-ischemia in those born near term can result in primary injury to peri-Rolandic cortical gray matter and basal ganglia (Miller et al., 2005) . In fetal sheep, cortical gray matter is also less susceptible to ischemic injury at 0.65 gestation compared to 0.9 gestation (Reddy et al., 1998) . This change in susceptibility is presumably related to maturation of synaptic connections, expression of excitatory neurotransmitter receptors, increased spontaneous electrical activity, and associated increased oxidative metabolism. In postnatal rats, the increased susceptibility to hypoxia-ischemia seen at postnatal day 7 corresponds to an increased susceptibility to excitotoxic injury by N-methyl-D-aspartate (NMDA) (McDonald et al., 1988; Ikonomidou et al., 1989) .
Excitotoxic injury is largely dependent on stimulation of nitric oxide synthase (NOS) in neurons. Expression of NOS is developmentally regulated differentially among regions. In fetal sheep with 145 days of gestation, expression of NOS in the neuropil of the cortical plate reaches a peak at 71 days, whereas neuronal somatodendritic expression progressively increases between 71 and 110 days (Northington et al., 1996) . This change in cortical cell localization corresponded with fourfold increase in NOS catalytic activity and threefold increase in cerebral blood flow (CBF) and cerebral O 2 consumption between 92 days and 135 days (Northington et al., 1997) . Co-localization of NOS in postsynaptic density proteins is important for activation by localized calcium influx through NMDA-receptor channels. Thus, the temporal localization of NOS parallels vulnerability to hypoxicischemic cortical injury in fetal sheep. 
